The present research on the effect of chemical inducers of systemic acquired resistance in sweet potato (Ipomoea batatas Lam.) was developed during 2012-2013 at Cañete, Peru. The objective was to determine the effectiveness of some chemicals used for the induction of systemic resistance on agronomic performance of sweet potato in order to improve overall health in the fields, increase of plant survival and reduce the impact of agrochemical applications. Three sweet potato genotypes were sown in RCBD with 3 replications during in the winter of 2012 and summer of 2013. Additionally two chemical inducers of SAR, potassium phosphite (2.5 ml•L −1 ) and acetylsalicylic acid (100 mg•L −1 ) were applied plus untreated control plots. The results indicated that there were no statistical differences (p > 0.05) for root weight•plant −1 or survival percentage and there were statistical differences in weight of foliage•plant −1 for chemical treatments. Statistical differences were found between seasons and interaction of seasons and genotypes for foliage weight, suggesting a physiological effect by the application of inducing systemic resistance chemicals on the agronomic performance of sweet potato. It was concluded that specific effect of acetylsalicylic acid increased the weight of foliage•plant −1 in genotypes of sweet potato and there were no influences for root yield.
Introduction
Sweet-potato (Ipomea batatas Lam.) ranking third in the tuber roots worldwide, has been the subject of little research worldwide compared with other major crop staples, especially for those less developed countries where sweet-potato is important for food security. For this reason is necessary to assess comprehensive strategies that are possible to adopt by small farmers who produce these roots and tubers, one of which is to identify alternative management of the health of the crops that are available to the sector of poor farmers.
Over 80% of the area in Peru dedicated to root and tuber crops as potatoes and sweet potatoes, are smallholder agriculture with less than 20 hectares, and potatoes currently is cultivated on about 300,000 hectares nationwide [1] ; something similar happens in sweet potatoes though as the area dedicated is about 15,000 hectares, of which Lima region covers more than 60% of the total sown [2] .
Salicylic acid (SA) is a phenolic compound considered as candidate for exogenous applications such as Systemic Acquired Resistance (SAR) activator and aspirin in particular, has been selected as a low-cost, non-phytotoxic product, similar to SA [3] . Usually caused by a local infection, plants respond with a cascade of salicylic aciddependent signaling leading to systemic expression of broad spectrum resistance and lasting resistance, to be effective against fungal, bacterial and viral infections. In the words of Walters [4] , systemic resistance has the potential to revolutionize disease control in crops, but still a kind of non-conventional protection for crops.
SAR is elicited by biological compounds, including chitins, ergosterols, glucans, lipopolysaccharides, proteins, peptides, salicylic acid and sphingolipids according to Lyon [5] . The effect of exogenous SA depends on numerous factors such as the species and developmental stage of the plant, the mode of application and the concentration of SA and its endogenous level in a given plant [6] .
According to Lebeis et al. [7] , biosynthesis and signaling dependent on salicylic acid is required to assemble a normal root microbiome. Salicylic acid modulates colonization of the root by specific bacterial families. Determinants secreted from the root system were search for and it was found that salicylic acid is a major molecule involved in SAR transmission through the root [8] .
This research seeks to show the effectiveness of low-cost products and low environmental impact to human health and the ecosystem, such as acetylsalicylic acid and potassium phosphite (FP) to improve agronomic performance in sweet potato fields and identify opportunities for use them on a plan of integrated crop management.
Materials and Methods
Two separate factorial experiments in sweet-potato under Randomized Complete Block Design (RCBD) were installed at Imperial (Cañete province, 150 km south of Lima) in two environments, winter 2012 and summer 2013 with the objective to evaluate the effect of two chemical inducers (acetylsalicylic acid and potassium phosphite) reported in the literature [9] - [11] plus a control with no application, on agronomic performance of three genotypes of potato (INA100-INIA, C-10, C-50). INA100-INIA [12] as a check genotype (CIP 102033.5), C-50 as orange flesh and C-10 purple flesh experimental clones. Plant material was provided by International Potato Center (CIP) Germplasm Bank at Lima. In order to assess the interaction for sweet potato genotypes and chemical inducers and environments, experimental field design was lay out considering 40 single hill-plots and three replicates each treatment.
Soil analysis at the experimental environments showed a loam soil textural class, slightly alkaline reaction (pH = 7.9), nitrate, phosphate and potassium content of 24, 44 and 169 ppm, respectively, exchange cation capacity 13.72 meq•100 −1 g and absence of soluble salts (EC = 2.4 ds•m −1 ). The average air temperature in winter was 18˚C and 26˚C in summer and 85% relative air humidity; no rain was recorded so irrigation was required during crop seasons. The applications of products were performed every 2 weeks for acetylsalicylic acid (100 mg•L −1 ) and were monthly for potassium phosphite (2.5 g•L −1 ) as considered in USAID [13] . To prepare the solution of acetylsalicylic acid, pharmaceutical product Aspirin Bayer ® was used; it was ground with a mortar and diluted with 10 ml of commercial methyl alcohol (80%) and then a solution was prepared as stock with distilled water at a concentration of 100 mg•L −1 , to be sprayed on plants often than directed. The preparation of potassium phosphite was performed as directed by the manufacturer to the aforementioned doses [10] . The plants in the control plots were sprayed with current water. In both experiments an experimental control handling for constant factors was carried out, and treatments were randomly applied for experimental units in The data were processed by InfoStat software [14] ; F test for analysis of variance and LSD (Fisher) for mean test (p < 0.05) were used.
Results
The results of the effect of chemical inducers in sweet potatoes can be illustrates in Table 1 in which the component seasons, was statistically significant (p < 0.05) and the other sources of variation and their interactions, were not significant in both seasons. This suggests that in terms of the inductors used (acetylsalicylic acid and potassium phosphite), they do not seem to affect root yield per plant, and the contribution of environmental factors such as the season or year of planting are more relevant. For percentage of plant survival at harvest, there were no differences for SAR inductors, neither its interactions with environments. The same can be seen in Figure 1 , in which the statistical differences between treatments were not significant. It confirms that for sweet potato root weight in genotypes evaluated, inducing SAR treatments had no statistical effect for both seasons.
Regarding fresh weight of foliage per plant (Table 1) , statistical differences for the interaction of genotypes were found for seasons, which implies that these components are relevant to fresh weight of foliage. In the statistical test between resistance inductors versus control, statistical differences for foliage weight/plant were found, whereas acetylsalicylic acid was superior to both control (T) and potassium phosphite (FP) (Figure 2 ).
Discussion
The results of numerous investigations over the past two decades have shown that salicylic acid plays an important role in various aspects of post defense responses to attack by a pathogen [15] . These include among others, the activation of cell death, the expression of pathogen resistance protein (PR), and the induction of local and systemic disease resistance as reviewed by Ahmad & Hayat. It is interesting therefore, to continue exploring the signaling pathways of this molecule in the context of disease resistance in crops [16] . It is necessary to evaluate the effect of dose of acetyl salicylic acid on sweet potatoes because as all plant hormones, it requires specificity for its action in inducing defenses in plants or improve agronomic performance. In the present investigation it was found that acetylsalicylic acid increased the weight of the foliage in sweet potato under field conditions, which agrees in part with what was found by Zhang et al. [17] who showed that salicylic acid is related to the longevity of foliage of plants and delayed senescence in Arabidopsis, which could explain the effect of acetylsalicylic acid on fresh weight of sweet potato foliage obtained in this investigation. Not have been able to establish effective comparisons between the results obtained in this study compared to other jobs in sweet potato treated with chemical inducers and plant growth promoters as the role of SA in plant growth has been little studied compared with other plant hormones, but in crops like squash significant increases in total biomass with application of acetylsalicylic acid were obtained, although in this case were also used as treatments, bacterial strains of Bacillus subtilis [18] . Finally, the prospective use of acetylsalicylic acid in sweet potato could be increased, considering that this crop is vegetative propagated by cuttings and there are problems of availability of quality seeds or clonal disease-free at field farmers in which sweet potato is cultivated and where the effect of salicylic acid and other compounds have been tested as immunizing agents or inducers of resistance to various diseases [19] . SA is involved in signal transduction, pondering over the plant resistance to stress and generates significant impact on photosynthesis, transpiration, uptake and transport of ions and plant growth and development [20] ; in this aspect, the experimental results indicate the potential utility of SA and derived phenolic compounds in the agronomic performance of root crops, as sweet potatoes.
